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(54) BIAS VOLTAGE CONTROL CIRCUIT FOR AVALANCHE PHOTO DIODE AND ITS ADJUSTMENT METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To avoid the effect of fluctuation in ambient temperature 
or a power supply voltage on a bias voltage of an APD. 

SOLUTION: A reference voltage generating circuit 40 generates a reference voltage by 
taking notice of setting of a voltage to obtain an optimum amplification factor to a 
terminal 28 and of a temperature gradient of a breakdown voltage of an APD 10 and 
provides a reference voltage 43a to an input 31 of a voltage comparator 30. A setting 
circuit 41. provides an output of a prescribed voltage 41a to set a voltage at the 
terminal 28 at which an optimum amplification factor is obtained from the APD 70 and 
gives the voltage 41 to an adder circuit 43. A temperature compensation circuit 42 
provides an output of a voltage 42a corresponding to a temperature gradient of the 
breakdown voltage of the APD 1 0 to the adder 43. The temperature gradient 
represents a change in the breakdown voltage with respect to a change in 
temperature. The adder circuit 43 adds the prescribed voltage 41a to the voltage 42a 
of the temperature gradient and gives the sum to the input 31 of the voltage 
comparator 30 as a reference voltage 43a. The voltage comparator 30 obtains a 
difference between the voltage 50a and the reference voltage 43a and provides an 
output of it as a voltage control signal 30a. 
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E^^^-r^/cii6^C. r :/7='^^-:57 50A ^MCr^tb 

300 A;^ 32^c A/j 5 n rt^ ^jfe^^' ^' >f <x -r ^ 30 

<St>^cmi^fe^^l|fji«^h'7>t>X^4l2 CDl^U^^iC^I^ 

iAOo '^-;^«:tiSmmEJ%^[Hl3S4ii 7!)>6 
:$?4i2 ^i«i{^$i±^/cs:)(DmEjo^ttix.e>nrc^^o 

[0 0 4 3] £L;;^mEiS^i5iss4iA w:<fcr>r/^'>r>'^*x$ 

^^--i?50A (oi&^jimRLtmm2it(o^Km,m t^u^^ 
>^mmt<Dm«.j:'>x^j^c^mKmT'9^tcirfm'¥-28(on 40 
E^±^^'ti-^ct^&ci<){'F-r^« "to^mo^m 

[0044] \ht)mjiMmm^AiA (omfi^^mKD^ 9 
i.>o:>x^^-^^\^m(^c-r^cti)ix^. mmiti>^m(^x 

[0 04 5] S8ti. mscoAPo m^^^r:^mE.mm^ 
mooc(Dmmm<o}^mmf^(>c^i»^r^ummm\si^A2A o so 
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M.i^mj:m^mfj^^7nrmx'$>h (me^mm) o coy 

^CC*5t^r. UmM^^^42A fit. APD 7(XD:/U-^^ 

>mEc>ra^ill4^(c^f&T ^mt^L^mEJ:bS^ll30O 
A;^32;^>^6>'^V^^■XLt:mSS*9ltiA^^, gi^iZiiO^ija 

h^>>^X^422 CDnU>?:$?(C^l^iA$n^o 

'ommiA23f)mm^ti. ^mfcm^comi&mit^^Az 

[0 04 6] C(OU^m^^mA2A(fCJ:'z,X^U^^:^^ 

X^422 (DziU^^m<OWSi {T vT'^^-'^SOA CDSK 
MRLitetn2liCD^Eigin) ^/^'-</^•>^m^J^C<f:<D^tCcfc 

o r ^ D i) mEP5T^/dt:f ^^28<DmE^±^$ J: 

[0 04 7] C<D^aS-b>1^42l ^H^JS^t^ajO 

>i?fjcc:-r'E>^E^a:5:;^0'^--xcc-^x.5o iaS^>lt42i 
^<DtB:^^E«:ff:Eo^^a^|^^^o^-T-r^O. 
h^>^:^xi$f422 (O^i^^^momK (r 'yf-^^-^SO 

A <DmmmRitm.tn.2it(D^Kmim t, x.?. y^m(D. 

-fe>1f42i 5!)^f#om;^^EcD?ag^t3:-ec[>^^^-?-28 

<o^m.i^^toxmti^. 

[0 04 8 ] ^/c. h^>S?:^^422 inix^^^tni 

^j#-:>ia'^. u^^^>^*rA2^i)mr>mt}mEE<Dum.%m 
ftmnm^tixm'^28<Dumo^mtuxmri^. 

cc. V'7iyiy^^A22 t^iy^^rnKts^z, v^rnKt 

um.^>-^A2if)m-:^miinK(oumm.U'7^ 
■r':^nn{^^tix^^2s(oum,%^t oxmti^. 
[0 04 9 ] t^±<Dj: ^cc. Apo 7mum.mm<Dm:^^ 

UBL-^ly^A2\ *5^^[±JL/ttaStc*tJ^'r-5ta;^)liEtCJ: 

[ 0 0 5 0 ] ^95i. APO ffl^^''<rxliE$|j^iIil^^SlooD 

A id^^m^(oum.mmmnA2A ^^mi^tcMumr^^ 
fr^-trnxh^ {mimmm) . c<om^^^^x. mmm 
m&M^xof)^hmMmKtm^i2v.ctm^ti. rnm^K 

3ia *5^El:be^^3(X7)A:^3icc-^^6n^i. m;^tlE 

wMMmiA {t. APD imm^m^m^^m.-th^m.^ 
^Ei:b9i^^ 3mK:h 32f)^ 6 >' ^* / < x o xmm^^n I ^iA 

tfo mEJ:b|j^i^3(Xi. A:/332{C^x.6nTC^'5r •^'r-^'^ 
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[0 05 1] mt^^'i-( ^<:^m(Oh ^>ly:^^2A: mK2 

^^^Xf'^A f'^7.tn^nm.tmk2\toym:.^r>x 

it. AjpD7mMmm^mvmii^r^ct^mm'ri>^m lo 

^j:^ccmi'^r^^K xt)3it\t>32t(Dmmt. ^ee 

tjHTyv-^^^-^SOA (DmtKmRLtmVi2lt(D^Km 
fa) i^^V^^•xm?^<!:<DmCC<l:or^0'5ml^P^T^/c 

®j&>'^V>'^'XlPiS§40A ^C^-pr^^W>'^*X$n'5^ 20 

j&ij^-^acom^kt. m^2mmmktmEEtm^3o(,cJ^x. 

C 0 0 5 2 ] ?aS1imiElgS42A -C«. APD 70CD>^U- ^ 

3^^> >mH©SSMM:^©^iru^mEtb$j^^30(DA^32 
,.;5>6>'W^^•XT^J:^tcill^^t-'E»;0i. A:^3i<bA;^32 

fa423 CCj:-:>r Dj^^^l. h a'>>^X^f422 CC>:3 

f jtDigtn {Tyf-^-^soA <ommmRltmm2^<D^m 

[0 0 5 3] cc-c, iajS-fe>it42i tH;bmiEtcffi 

kt. ^(Dt^^^28(Dmj£ccic^n^um%mtuxmri 

40 

[0 0 5 4]—:^. h ^>i>X^422 iri b^^?fifJCD^g 

tnix^ ^{ii]<DtfitAicccfcor*g^^n^iii!iili]SS.^ 

i^Si^tl^f-cJ:. W#fg$n-C4^^280^EO?ajgf^^i L 
nm^. ^/c. F- ^>v^;^^ 422 inU>7^(Ii]cD!g^ 

:?&5-7^:h;^-m^J^oti^. ia»g-fe>1f42l ;05J#otH:^j 

:5^t-r ^ <b L r i^n „ 

[005 5} W±<Z>ct^:^j:«J^<i:iftmcj;ot:. l±J;^m 50 
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E<D^<!:APD 7(xoumf^m.t^m'=f-28^h<omm^^'i 

^^-r^^y-t^v h^mumm^^i.^x^^'T^^y ^ 

y h(<c^muxwjB.t^mmmmm^Lrj:i.^<^^(^r 

20A Ocg^^x.^Ci^>ctl^ 
C 0 0 5 6 ] 0ioti. APD fflv''? ^rT^mEMmm^Vim 

<Dmmm(o^^m^<Dm^^n^ici^<r>i:M^fr^rmx 

XT^ ^r/sio rii. apd locozfi^-t^^'OiyW^^i. 
?aigli«lHlSS42A ^c^jSt^iZ.t?>'^-^^^*xm^^^:S:^2a«: 

-r-So :^r- -;^'7'S30 -CtJ. oJ^|£tn:413 CC<i;oTifjS^28 
gli^lSISS42A tClj£niZvti/N''r>'N*;^^dS^:*->CC-r'5o 

P.'rvrfs^o XU. oJg^tgta423 «:j:«3^es?>?SiMLAiAP 

D 70(D^lx--i7^'^>mi3EcD^^Mi4^iffi^2SCD^ECc 

tri413 «:J:O^T-65<D^^EE^APD 70CO^iSiif^^CC 

[0 0 5 7] ^Uti. ^10CDiJI^X^^i5^H^-r^/c:i?><D 

[H]g§P^^^!ir'*'E>. x'ryy'sud ^fc^^r. afo 7o 

^„ $/c. mmmi^mommnm^mi^m^^xmm-^ 

g'j^>tt^CDAPD 705C^^657!?>^iE^li)i^EntllJ-r 

^6CC. APD 70tC7lcft-^^En;raT^. APD 70(c^^a 

$n€>m^^m^um^f^iiitisiii5S8or'mE^i^-r ^ <b 

t h CciiJUi u . =^W^Eft-^80a ^n^m 9 mail's 

[0 0 5 8] ;XtC. APD 70CC>^U-^'^':;>^E3&>6lS 

o^cc ^ <h ^ (OBmmE. t^cot^ on^m. 'o m^m^ 

[0 0 5 9] Sll^MSOr. Xf- -/S20 CC*5 
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[0060] i^t}^j£mmmmAiA Apo 70(DmMm 

fit). {±}:/3m]E^^[5I?§41A CCJ:oT/^'^^^•;^^fl6mzt 
tn:2l<f:CD^lEJg!Ji) >'N''Y>'N-X®?i£<i:OStCj; 
[006 1 ] y :7*S40 tcfct^^rti. ?§iSli{a[el8S42 

(iJffi^424 CC^$§0>^ch5>i^X37 422 CD-^-X^fi^ 
mWi-t^o -:;yS50 CCfcC^T^. Pj^igtn:423 CCcfc 20 

M^5^^28(c-^K.^/c«5(D-^^^tf'^ (raSMI40i3: 

^) . UmM^^^A2^k■-X. APO 70<D^U-i'l^^>^ 

em^j'i. pT^^ta423 cc<:fc'.rDj^$n, h7>>^x 

iS?422 CD:3Ui7:>iiJ(Z)!gtni/xV^^X1ii^i<Dli«:j:o 

^tcsbf'g-r^o 30 
[006 2] c cx\ ?gjg-fe>i^42i t*. ai;^^ffccff 

m.<o^m,%m.^\n'om^v»>i>(ox. h^>>?xt>422 

jgt?T:423 iccj: -^xm^^tihm^JhWtcommi^^xjco 
$$^^28(D^Etc5*'r^?ag[i^^iur^n^o - 

h^>i^Xi5r422 <h =3 U ^ ^^gln iHJ^MiA423 i 

>-»f 421 ?&«}#':>tB;^j^!£<Diag[p^l^«fii?i{$$tiTi^^ 40 

[0 06 3] ccx'i^h^im^mnr^. 
42i<7)m^7m^vro iu. mti^m(oum,m^^h 

(mV/ -C) iL/cti^. h^>5/X^422 <tnlx>7^}g 
fciiDj^^ta423 i«:<fc-:>rtll^^n5iff|'i[DlgS.^ifc;!)^ 

Mumn<Dt^kt. ^^2scciin'5^ro*Hvi+vTo . ^ 

i^^tSt«A (mV/*C) -C^>^. 2 {^comOiS^ti. 
^286Clgn^^EE«HVl+2xV10 , 2xA (mV/ 

^EE«HNa+vro/2 . rSJgi^i^t^ a/2 (mv/ 'O r^^o so 
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[00 64] APD 7(XD:/U-^?^'5>^EEO?aigM^4B 

^^EM^. ^mi)^m&(ommM^^'f'A2^ ccgi^^n 

rt»'S^Eit427 -CfJ^O. Hsa+(B/A))^o i3^j:€>cfc^ 

CC. pJ^tg|A423 ^^^-r-scik:cfcor^^28C0ilEE 

^K^^^wm\^tc^?o 70CD^^*if^^Cc^/c^mEECC 

[0065] \^k±.o>jc'}tjiM^mmnm^^=f'>c tx. 
mMm^m^^^-Mt sett. u^mmcofci^cDW!^ t 

Lm^28<DmEE^^'mufcf>s. ^^mtK^mmmtnto 

[0066] 

^APo(rcem-$-s^^^r:^mf'£t Lxpmumt)^^^^ 
6£b;b-r^i5iss(cfeor, a5;^}S^A>e>^lco^gf/l^/^ 

(7:)^Ecct3:^L. APD <7)js^:^r^cDPmmiE<Dia^Mi4ic 

mWM^^^f^omE.'^^^m^nLX^^SJ;: ^Cc^H 
^T-Scir. APD oc^br^tc^itfg^&c^it;T'5 
/ W r mBEtc 3^j: ^ cfc ^ cc < ^^"T ^Ct^^X^ 

mE.<Dummmi>^moxv^s(oxu!S.mmi>mmcn 

[IMI ] :^^m<Dr^^'7>iy:^y * h^-r^-K(APD) 

[132 ] -^e^rjTAPD c[>/WT;5;mBEtc^-r^*tfg^<^) 
Xihi>, 

:^mf£<omt^mrtmx$>s^ 
[^4 ] APD ffi^wr;^mi3Eraiili?Sco^SS^JO[Hlgsm 

m^mmxuxm.w^^'t^m&m^ k^'mzmm'^ 
[^5] APDffl^^vrxm^f$^r^[5l3S(7>|llMJfli<Dlp]5§^ 
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c^6 ] APD m^ur:^mE.mm^m<ommm(Dmmm 
mi] ms<OAPDm^ur:^mKmm^^o:>mmm(D 

[^9 ] APD m^u r 7.mmmmmmmmo:)mm 
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[(3 1 0 ] APD m^'^^r7.^E.W0\2i^(Dmmmo)^m 

30 mE.it%m 
10 40 mmmE.^^mm 
41 mt)mf£^m^^ 

70 r^^z^>i^:^y^ v^^^t- KCAPD) 
80 mkmmw^mmmn 
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